Abstract. LRP130 is a ubiquitous protein involved in cellular homeostasis, microtubule alteration, and transactivation of a few multidrug resistance genes. Its role in resistance to apoptosis in HepG2 and HUH7 hepatocarcinoma cells was investigated. Using shRNA-producing lentiviruses to downregulate the LRP130 gene, we showed that i) LRP130 did not affect the capacity of hepatocarcinoma cells to extrude drugs since LRP130 down-regulation was insufficient to significantly reduce P-glycoprotein production in these cells, and ii) the expression of 11 apoptosis-related genes measured by PCRarray was significantly reduced. Interestingly, six of these genes encode extrinsic pathway proapoptotic proteins whose expression was higher in LRP130-non producing than in LRP130-producing HepG2 cells. Fluorescence microscopy confirmed this new anti-apoptotic role of LRP130, which is strengthened by a significantly reduced cytochrome c oxidase activity in LRP130-down-regulated hepatocarcinoma cells.
Introduction
Leucine-Rich protein 130 (LRP130 or LRPPRC) (1-3) contains 11 pentatricopeptide repeat motifs supposed to bind hydrophilic structures such as nucleotides (4, 5) , and preferably localizes in the nucleus, mitochondria, or near the nuclear envelope (6) (7) (8) (9) .
Although little is known about this protein, LRP130 appears to be involved in several human or murine metabolic processes. Human LRP130 binds mitochondrial and nuclear RNAs, and is a component of the hnRNPK complex for RNA nuclear export (6, 10) . Studies on murine LRP130 supported its implication in RNA export, linked this protein to the minisatellite DNA stability, and evidenced a binding domain for single-stranded DNAs and RNAs (7, 11) . We previously reported that human LRP130 could bind double-stranded DNA (12) . Furthermore, LRP130 is a component of several protein complexes (4, 13, 14) , and may play different roles concerning cytoskeleton organization, vesicular transport, mitochondrial metabolism, chromosome activity, and apoptosis. Additionally, LRP130 plays a central metabolic role since it participates in the formation of the transcriptional activator PGC-1· involved in liver glucose homeostasis, energy metabolism, and nuclear receptor activation (15) . Finally, a mutation (A3354V) in the LRP130 sequence is responsible for the Leigh Syndrome, French-Canadian type (LSFC), a neurodegenerative disorder that results from cytochrome c deficiency in brain and liver (16, 17) in which LRP130 affects gluconeogenesis and electronic flow in the respiratory chain.
Cancer multidrug resistance (MDR) phenotype (reviewed in ref. 18 ) is composed of both typical and atypical aspects. Typical MDR is conferred by the overexpression of membrane transporters such as P-glycoprotein (ABCB1), MRP1 (ABCC1), or BCRP (ABCG2), which actively extrude drugs out of the cell. Atypical MDR regroups several cellular mechanisms that could notably affect drug inactivation, resistance to apoptosis, or DNA repair systems, among other processes (19) (20) (21) . We previously showed that LRP130 transactivated the P-glycoprotein-encoding MDR1 gene, strongly suggesting its participation in the typical MDR phenotype.
In this study, we used RNA interference to further study the implication of LRP130 in cancer cell chemoresistance.
We tested the capacity of hepatocarcinoma cells to extrude drugs according to the LRP130 expression status. Moreover, since LRP130 appears to play a role in several key metabolic pathways, its role in chemoresistance could involve other mechanisms than its transcriptional activity on MDR-related genes. Notably, a link between LRP130 and the apoptotic pathways has repeatedly been evoked (6, 11, 13) without being further studied. Since resistance to apoptosis is an important MDR mechanism, we investigated the influence of LRP130 on the expression of several apoptosis-related genes. The results obtained have been compared with in vitro experiments to demonstrate that LRP130 actually contributes to the atypical MDR phenotype by delaying the entry of HepG2 cells to apoptosis.
Materials and methods
Chemicals. All reagents were from Sigma-France, unless otherwise indicated.
Cell culture. Human hepatocarcinoma cell lines HepG2 and HUH7 were cultured in RPMI-1640 and DMEM, respectively, at 37˚C in water-saturated atmosphere and 5% CO 2 . In both cases the culture medium was supplemented with 10% heatinactivated bovine serum albumin, 100 U/ml penicillin, 100 mg/ml streptomycin, and 0.25 mg/ml amphotericin B. Cell viability was regularly checked by trypan blue exclusion.
Transfection. Cells were transfected with 2 siRNAs targeting the LRP130 mRNA: si(LRP130)a (5'-GGAGGUCUAUGA AUAUAAA-3') designed and supplied by Qiagen, and si(LRP130)b designed and supplied by Ambion (code ID 36416). Both were prepared and transfected into cells by using Hi-perfect (Qiagen), according to the manufacturer's instructions. Unless indicated, cells reaching 50-80% confluency were transfected by 25 nM of siRNA and serum media was not replaced until analysis 48 h later. A control siRNA ('All Star Negative Control siRNA', Qiagen) was used for each experiment.
Production of lentiviral particles carrying a shRNA. The lentiviral vector FG12 (22) was used to carry 2 siRNA sequences targeting LRP130 mRNA: si(LRP130)1 (5'-acc GGATCTCCCAGTTACAGAGttcaagagaCTCTGTAACTG GGAGATCCtttttc-3') and si(LRP130)2: (5'-accGGAGGU CUAUGAAUAUAAAttcaagagaTTTATATTCATAGACCT CCtttttc-3'); the siRNA sequence is in capital letters. The control shRNA sequence with no known target was 5'-acc GAAAAACCAACCGGTTAGGttcaagagaCCTAACCGGTT GGTTTTTCtttttc-3'. These sequences were first placed downstream a HuU6 promoter of a pBS-HuU6 vector within Bbs1 and Xho1 restriction sites, the HuU6/shRNA cassette being further inserted into the FG12 lentiviral vector between the Xba1 and Xho1 restriction sites. To produce viral particles, 2.4x10 6 293T cells cultured in DMEM were seeded in a Petri dish on the first day, and transfected on the second day by the classical CaCl 2 method with 5 μg of DNA containing 2.7 μg envelope-coding plasmid VSV-G (9 kb), 9 μg SIV3+ GAG POL TAT REV plasmid (14 μg) and 9 μg FG12 vector plasmid (7-8 kb). The supernatant carrying viral particles was collected 72 h after transfection and impurities were eliminated by clarification (centrifugation at 300 x g) and filtration. It was finally titrated before direct use or stockpiling at -80˚C. The viral titer was determined by using 293T cells as reference, which were infected by increasing volumes of virus-containing supernatant. The percentage of cells effectively infected, which produced GFP, was assessed by flow cytometry (FACsort, Beckton-Dickinson FACS system) using the CellQuest analysis software (Beckton-Dickinson, FACS system). An estimation of the titer is given by the ratio (number of GFP+ cells)/ (number of infected cells) when the vector is not saturating.
Cell infection with lentiviral particles. HepG2 and HUH7 cells (3x10 5 ) were seeded in 6-well plates on the first day, washed twice 32 h later with PBS 1X, and pre-incubated for 20 min in their respective culture medium supplemented with 16 μl/ml polybrene. Supernatants containing viral particles were directly added to the cell medium, so that approximately 3x10 6 particles could infect cells (MOI = 10). Fifteen hours post-infection, cells were meticulously washed 3 times with PBS 1X and allowed to grow in a polybrene-free medium for indicated times until analysis.
Protein expression analysis. HepG2 or HUH7 cells (3x10 6 ) in a 6-well plate were lysed with Laemmli buffer 1X (62.5 mM Tris-HCl pH 6.8; 10% glycerol; 2% w/v SDS; 5% ß-merceptoethanol; 0.0062% w/v bromophenol blue). Protein concentration was determined using 'DC Protein Assay' (Bio-Rad), before separation of 40 μg proteins by SDS-PAGE, and electrotransfer at 250 mA during 90 min onto a nitrocellulose membrane (Bio-Rad) at 4˚C in the following buffer: 10% methanol, 25 mM Tris-base, 192 mM glycine, pH 8.3. The nitrocellulose membrane was incubated for at least 45 min under mild agitation in 5% skimmed milk (Régilait) dissolved in TBS-Tween buffer (150 mM NaCl, 20 mM Tris HCl, Tween-20 0.1%, pH 7.4). The membrane was then washed and incubated either at 4˚C overnight in the presence of polyclonal anti-LRP130 (Eurogentec) or monoclonal C219 (Dako) antibodies, or at 37˚C for 1 h with mouse monoclonal anti-P53 or anti-ß-actin (Sigma) antibodies in TBS-Tween containing 3% BSA (Sigma) and 0.02 % sodium azide. The second peroxidase-labelled anti-mouse (Sigma) or anti-rabbit (Promega) antibodies were incubated for 90 min at room temperature in TBS-Tween with 5% skimmed milk, and the reaction was revealed by chemiluminescence using ECL Western Blotting Detection Reagents (Amersham Biosciences).
Drug retention test. Cells (1x10 4 ) were washed with PBS 1X, and incubated with 1.9 μM daunomycin (Ex = 520 nm, Em = 596 nm) for 3 h in culture medium and at 37˚C. They were further washed twice with PBS 1X, trypsinized, washed again with PBS 1X and homogenized in 100 μl of ice-cold PBS 1X. Daunomycin fluorescence was detected in each sample by flow cytometry and the drug retention profiles obtained were analyzed using CellQuest.
Gene expression analysis. Total RNAs from HepG2 or HUH7 cells (1x10 4 to 1x10 6 ) were extracted using the RNeasy Mini kit (Qiagen), quantified using a Nanodrop ND-100 spectrophotometer, and 100 ng were retrotranscribed by RT-AMV (Promega). RT-qPCR was realized in Thermo-Fast 96-well PCR (AB gene) in the presence of SYBR green. We used the following primers (Sigma Genosys): 5'-ATGGACGTTATT GCCAGGAG-3' and 5'-GCTCAACCAACAAGTGAGCA-3' for LRP130 (NM_133259), 5'-CAACCGCGAGAAGATGA CCC-3' and 5'-CAGAGGCGTACAGGGATAGCA-3' for ß-actin (NM_001101), 5'-GGAACTTTCCGGAATGACAA-3' and 5'-GTCACTCCAGGGCGTACAAT-3' for TNFSF10 (NM_003844), 5'-AAGCAAACCTCGGGGATACT-3' and 5'-TGCATCCAAGTGTGTTCCAT-3' for caspase-8 (NM_001228), 5'-CCGTATCCATCGAAGCAGAT-3' and 5'-GTGGCCAGACCAAGTAGGAA-3' for caspase-10 (NM_001230), 5'-GGTTCATCCAGTCGCTTTGT-3' and 5'-AATTCTGTTGCCACCTTTCG-3' for caspase-3 (NM_4346). The results obtained were collected and analyzed with the iCycler software (Bio-Rad), and the relative quantity of each gene was normalized to that of the reference ß-actin gene. A standard curve to assess efficacy was realized. Test of entrance into apoptosis. Cells were seeded on a cover glass to reach 30-70% confluency at observation time. Apoptosis was induced by incubating cells with 2 μl/ml anti-FAS antibody for 24 h at 37˚C. Afterwards, cells were washed twice with PBS 1X and incubated in culture medium containing 6.8 μM JC-1 (to assess mitochondrial potential) and 10 μM Hoechst 33342 (to assess pyknosis) for 30 min at 37˚C and in the dark. Finally, cells were washed twice with PBS 1X and observed by fluorescence microscopy (Axioplan 2, Zeiss). Image acquisition was realized through a FITC filter using a Cool Snap camera (Photometrics) and METAVUE software. For FACS analysis, cells were seeded on a 6 well-plate and apoptosis was induced as previously described. Then, approximately 1x10 6 cells were washed twice with PBS 1X and incubated in a buffer containing Annexin V (Annexin-V Fluos Staining kit, Roche) and propidium iodide for 15 min in the dark and at room temperature. The emitted fluorescence was detected by flow cytometry and analyzed with CellQuest.
PCR
Isolation of mitochondria, cytochrome oxidase (COX) activity, and protein measurement. HepG2 or HUH7 cells (2x10 6 ) were collected with a cell lifter and pelleted by centrifugation at 1,000 x g. Isolation of mitochondria was performed using the MitoProfile Benchtop Mitochondria Isolation kit for Cultured Cells (MitoSciences).
The COX activity of isolated mitochondria, normalized to the activity of citrate synthase (23), was measured photometrically as described (24) . Briefly, mitochondria were solubilized in assay buffer (50 mM potassium phosphate buffer, pH 7.2, 5% (v/v) lubrol). Ferrous cytochrome c was prepared by reduction with dithiotreitol and purified by desalting on a PP-10 column (GE Healthcare). The COX reaction was started by addition of ferrous cytochrome c (final concentration 120 μM) and the initial rate of oxidation was determined at room temperature by following the decrease in absorbance at 550 nm. Protein concentration was measured by the Bradford method using fatty acid-free serum albumin as a standard (25) .
Results

LRP130 down-regulation in hepatocarcinoma cells using shRNA-carrying lentiviral vectors.
We have previously shown that LRP130 was implicated in the typical MDR phenotype due to its transcriptional activity on MDR-related genes such as MDR1 (12) . Inhibition of the LRP130 production by RNA interference appears to be a promising strategy, but the effects of the classical method for transient transfection of siRNAs appeared neither to be continuous nor to last long enough to observe both an extinction of the LRP130 protein and a resulting effect on MDR related-genes expression. Therefore, to assess the possibility of permanently inhibiting LRP130 expression, we used an shRNA-carrying lentiviral vector. Two shRNA sequences were cloned in the FG12 plasmid as described previously (22) . Viral particles were successfully produced and infection of targeted cells was carried out using optimal parameters reported in Materials and Methods. Fluorescence microscopy ( Fig. 1A) shows that HepG2 and HUH7 cells could be fully infected. Moreover, cells exhibited their usual shape, growth rate, and morphology, indicating that the infection did not induce any serious morphologic or metabolic anomaly. The Table in Fig. 1A reports the capacity of shRNA-carrying lentiviral vectors to infect HepG2 and HUH7 cells when different viral charges were tested on each cell line. The good infectivity of this vector is illustrated by the effective infection of 37.8 to 49.9% of cells when an MOI of 1 was achieved. Results also indicate that a MOI of 10 seemed optimal in order to perform other experiments as this was sufficient to infect 92.1% ± 4.1 of HepG2 cells and 85.6% ± 4.7 of HUH7 cells.
In order to evaluate the efficiency of the shRNA sequences to down-regulate the LRP130 gene, we controlled the production of LRP130 and the expression of its mRNA by Western blotting and RT-qPCR, respectively. Fig. 1B shows that both si(LRP130)1 and si(LRP130)2 sequences almost completely cancelled both LRP130 production and the expression of its gene in both cell lines compared to the control, thereby validating the use of such lentiviral vectors for RNA interference by both shRNAs in hepatocarcinoma cells. Therefore, lentiviral particles successfully and permanently inhibited LRP130 expression in HEPG2 and HUH7 hepatocarcinoma cells.
The contribution of LRP130 to cell resistance relating to drug extrusion is not significant in hepatocarcinoma cells. Stable inhibition of LRP130 was assessed by its role on the capacity of HepG2 and HUH7 cells to extrude drugs. Due to LRP130 transactivating role on the MDR1 gene, LRP130 extinction should potentially decrease the amount of cellular P-gp, and thus the cell resistance conferred by this protein. Fig. 1C shows the intracellular retention of daunomycin by HepG2 and HUH7 cells and their relative amount of P-glycoprotein, MRP1 and BCRP drug transporters (insert) as estimated by Western blot analysis. We observed that the amounts of P-gp and BCRP were high in HUH7 cells, whereas HepG2 cells produced average amounts of P-gp and MRP1. These results underline the fact that several transporters were co-produced by these hepatocarcinoma cell lines, many of which had previously been identified as responsible for the typical MDR phenotype. Moreover, Fig. 1C strongly suggests that HUH7 cells displayed a better ability to extrude daunomycin than did HepG2 cells. To assess the role of LRP130 on daunomycin extrusion, the retention of this drug was measured in cells previously infected by viral particles carrying si(LRP130)1, si(LRP130)2, or a control sequence. Fig. 1B shows no significant difference in daunomycin extrusion, whether the cells expressed LRP130 or not, thereby excluding the possibility that LRP130 itself could be responsible for daunomycin extrusion. The same experiment was carried out with mitoxantrone in place of daunomycin and similar results were obtained (data not shown). In addition, a Western blot analysis (Fig. 1B) shows that LRP130 down-regulation slightly affected the production of P-gp with a corresponding slightly increased daunomycin retention in HepG2. This result supports our former data since the expected decreased production of P-gp due to LRP130 down-regulation should have modified the daunomycin retention profile. Nonetheless, the fact that the amount of P-gp was slightly affected by the absence of LRP130 remains surprising and will be discussed later. These results strongly suggest that LRP130 does not seem to play a significant role in the typical MDR phenotype of hepatocarcinoma cells.
Evidence for the involvement of LRP130 in resistance to apoptotic stimuli by its control on the expression of apoptoticrelated genes. Since apoptotic and MDR mechanisms are tightly correlated in cancer cells, we wondered whether LRP130 could influence the MDR phenotype by affecting the pro-or anti-apoptotic pathways. In such a case, LRP130 would be directly associated with the atypical MDR phenotype. In order to investigate this hypothesis, we compared the expression of apoptosis-related genes in LRP130-down regulated (LRP130-) or not (LRP130+) HepG2 cells. Preliminary results with the RT 2 profiler PCR array technology showed that variations in apoptosis-related gene expression were small (data not shown); however, they strongly suggested that many apoptotic genes from the extrinsic pathway were better expressed in LRP130-than in LRP130+ cells. To evidence such an observation, the same experiment was carried out in cells in which apoptosis had previously been induced. If several apoptotic genes were actually more expressed, the difference in expression levels obtained between the LRP130+ and LRP130-samples would be expected to be greater. Apoptosis was triggered by incubating cells with 2 μl/ml anti-FAS antibody in conditions that induced a significant increase (30%) of the number of apoptotic cells in a sample, as revealed by flow cytometry (data not shown). A PCR-array using HepG2 apoptotic cells showed significant variations in the expression levels of apoptosis-related genes between LRP130-and LRP130+ cells (Table I) , contrasting with the results obtained with non-apoptotic cells, thereby suggesting that LRP130 actually was involved in this process. Expression of eleven of the studied genes coding for BCL-X L/S , caspase-2, caspase-8, caspase-10, BAX, TP53, TNFRSF10, TNFSF7, TRAF-4, BAG-4, and MCL-1, proved to vary significantly as shown in Fig. 2A and B. The expression of TNFRSF10 and caspase-8 genes was the most affected by the absence of LRP130 as its level increased by a 7.67±1.4 and 6.23±1.1 factor, respectively. All these proteins are depicted in Fig. 2B , which shows that most of them are pro-apoptotic, among which 6 are directly implicated in the extrinsic apoptotic pathway. These results were further corroborated by RT-qPCR on selected genes (Fig. 2C) , since in the absence of LRP130 the expression of caspase-8, -10, -3, and TNFRSF10 genes was respectively 6.1, 5.2, 3.3, and 8.0-fold greater than that measured in its presence. Finally, a confirming Western blot analysis (Fig. 2D) shows that production of P53 doubled in response to an apoptotic stimulus on (LRP130-) cells.
All these results show that LRP130 represses the expression of many pro-apoptotic genes and proteins involved in the extrinsic apoptotic pathway in response to an apoptotic stimulus, and strongly suggest that LRP130 plays an antiapoptotic role in hepatocarcinoma cells. Table I . Differences in apoptosis-related gene expression between LRP130+ and LRP130-apoptotic HepG2 cells. 
-----------------------------------------------------------------------------------------------------
----------------------------------------------------------------------------------------------------
-----------------------------------------------------------------------------------------------------
Expression level of each of the 48 reported genes was assessed by 'PCR-array', as described in Fig. 2 . A variation was considered positive when a gene was significantly more expressed in LRP130-cells, and conversely.
a Numbers between brackets represent the relevant gene family of the listed protein: [1] , TNF ligand; [2] , TNF receptor; [3] , Bcl-2; [4], Caspase; [5] , IAP; [6] , TRAF; [7] , CARD; [8] , death domain; [9] , death effector domain; [10] , CIDE domain; [11] , p53 and DNA damage response; [12] , anti-apoptosis.
LRP130 delays the entry to apoptosis of HepG2 cells in vitro and directly contributes to the atypical MDR phenotype.
The role of LRP130 in the apoptotic pathways was assessed by comparing the entrance into apoptosis of LRP130+ and LRP130-HepG2 cells previously exposed to an apoptotic stimulus with the use of several fluorescent probes. However, owing to the possible interference with probe detection of GFP produced by the lentiviral vector used to inhibit LRP130, we had rather used synthetic siRNAs designed according to the sequences that were successfully tested with the lentiviral vector (Fig. 1C) . Experimental conditions were optimized by taking into account the overproduction of LRP130 as well as the difficulty to transfect HepG2 cells, so that significant levels of inhibition of LRP130 production with the si(LRP130)a sequence could be reached, as shown in Fig. 3A . Fig. 3A1 shows LRP130 gene expression observed by RT-PCR at 24, 48, 72 and 96 h after siRNA transfection. With the conditions recommended by the manufacturer (25 nM siRNA), LRP130 gene expression was inhibited by no more than 30%, and quickly regained its control value. A higher siRNA concentration (100 nM) seemed inefficient as well since gene expression only decreased by 50%, which was not enough to observe any significant decrease in protein production (data not shown). Interestingly, incubation of HepG2 cells with 3 consecutive additions of 100 nM siRNA every 24 h induced a strong and sustained inhibition of the LRP130 gene (Fig. 3A1) and an almost total absence of the protein after 72 h (Fig. 3A2) . siRNA concentration and stability appeared to be determining factors for the efficiency of RNA interference in this cell line. Nevertheless, this result underlines the great potentiality of synthetic siRNAs even in case of the inhibition of an overexpressed protein, or the targeting of hard-to-transfect cell lines. Moreover, it allowed us to compare the apoptotic response between LRP130+ and LRP130-cells. Entrance of cells into apoptosis was assessed by flow cytometry using Annexin-V and propidium iodide labeling (Fig. 3B1) . The results obtained were analyzed, and are reported in Fig. 3B2 . In the presence of 2 μl/ml anti-FAS antibody for 24 h, the apoptotic population of HepG2 cells increased 2.8 times as much as that of the control, while the amount of the necrotic population remained stable. However, in the absence of LRP130, the apoptotic population increased 4.1 times as much as that of the control, suggesting that LRP130 delayed or prevented the entry of HepG2 cells to apoptosis in response to an apoptotic stimulus. A control in the absence of both LRP130 and anti-FAS antibody showed no significant difference with the LRP130+ control.
The fluorescent probes JC-1 and Hoechst 33342 were used to assess the mitochondrial potential and the condensed status of chromatin, respectively. Fig. 4 shows that the apoptotic state is clearly more advanced in LRP130-than in LRP130+ HepG2 cells when exposed to anti-FAS antibodies. A higher number of LRP130+ cells could be observed (due to a smaller number of disrupted cells); their mitochondrial potential was higher, while the number of pyknotic nuclei was 3 to 4 times lower than those of the LRP130-population. Conversely, a result similar to the control was obtained in the absence of both anti-FAS antibody and LRP130.
The human apoptosis PCR array we used did not include genes involved in oxidative metabolism. One of the major consequences of apoptosis stimulation would be a decreased oxidative metabolism as suggested by the result obtained in Fig. 4B showing that when apoptosis was induced by anti-FAS antibodies, LRP130-cells exhibited a marked decrease of their mitochondrial transmembrane electrochemical potential when compared to LRP130+ cells. To assess this observation, we measured the specific activity of the cytochrome c oxidase enzyme marker on permeabilized mitochondria isolated from LRP130+ and LRP130-cells. Fig. 5 shows that when apoptosis was induced by anti-FAS antibodies, the specific activity of COX decreased by 88.2% when compared to the control whereas it was only reduced by 35% in the presence of LRP130, thereby suggesting the protective role of LRP130 on the oxidative metabolism. All these results strongly suggest that LRP130 plays an anti-apoptotic role in HepG2 cells, thereby indicating its contribution to the atypical MDR phenotype.
Discussion
LRP130 appears to have several different functions in cells.
We previously reported that LRP130 could transactivate the MDR1 and MVP genes (12) , two main actors of the MDR phenotype (26) . Moreover, other groups suggested a probable interaction of LRP130 with some actors of the apoptotic pathways (13, 14) . Since apoptosis is involved in chemoresistance mechanisms, we hypothesized that LRP130 could participate in the MDR phenotype through both its transcriptional activity on MDR-related genes (12) and its modulation of cancer cell sensitivity to apoptosis. We used RNA interference to compare LRP130-expressing (LRP130+) or not (LRP130-) hepatocarcinoma cells (Fig. 1B and 3A) , whose lines were chosen for their high level of LRP130 production (2), which would easily reveal its role in apoptosis when its production is inhibited.
We first observed that LRP130 inhibition induced a very light change in the cell's capacity to extrude drugs (Fig. 1C) . This result was not expected since we previously showed that down-regulation of the LRP130 gene induced a partial inhibition of the MDR1 gene expression (12) . Actually, the absence of LRP130 should have been accompanied with an important decreased cellular amount of P-gp, and de facto the daunomycin retention profile of these cells should have been been strongly altered, but this did not occur. However, our previous study was conducted using HT1080 fibrosarcoma cells whose behavior could greatly differ from HUH7 and HepG2 hepatocarcinoma cells. For instance, we observed that P-gp production was much lower in HT1080 than in HUH7 cells; we and others also observed that the type of transporters that are produced as well as their respective contribution to the MDR phenotype vary from one cell line to another (data not shown). Moreover, LRP130 is a transactivator of the MDR1 gene (12) among many other genes that have already been studied (27) and its inhibition alone should not suffice to significantly decrease the amount of P-gp. In addition, our previous study reported that only a small percentage of the LRP130 protein could be sufficient to maintain its transcriptional activity. These three arguments should be considered to explain why the amount of P-gp did not decrease to a high extent when LRP130 expression was inhibited. Therefore, we conclude that LRP130 does not play a significant role in drug extrusion by hepatocarcinoma cells since its presence does not seem to significantly modify the amount of P-gp, and does not significantly alter the intracellular drug accumulation either.
Our data also suggest that LRP130 plays a role in cell entry to apoptosis. The fact that P-gp production was not highly modulated in HepG2 cells in response to LRP130 inhibition facilitated this study since contradicting results were reported concerning the involvement of P-gp itself in apoptotic pathways (28) (29) (30) . Results in Table I and Fig. 2 show that the expression of pro-apoptotic genes was higher in LRP130-than in LRP130+ apoptotic HepG2 cells. These results were confirmed in vitro by observing that the absence of LRP130 facilitated the entry of the studied cells to apoptosis (Figs. 3B1, B2 and 4) . These data seem to contrast with previous studies that reported the interaction between LRP130 and C19ORF5 in both the nucleus and the cytoplasm (13, 14) . C19ORF5 induces cell death by accumulating on hyper-stabilized microtubules, and/or by interacting with the tumor suppressor RASSF1, thereby leading to the expectation of a pro-apoptotic action of LRP130. However, these authors only reported the LRP130/ C19ORF5 interaction, but not the role of the LRP130 protein in this complex. In the same manner, they proposed that LRP130 associates with the ubiquitously expressed transcript (UXT) whose accumulation can lead to apoptosis; meanwhile, the role of LRP130 in this complex remains unknown, in which it may act as a regulator for instance (31) . Other studies underlined the importance of LRP130 in the mitochondrial metabolism that is responsible for its involvement in the Leigh-Syndrome, French-Canadian type (3, 15, 32) . These data clearly support our results since a deficient mitochondrial metabolism expectedly enhances the cellular sensitivity to apoptotic signals as well as cell entry to apoptosis. The PCR array we used did not include nuclear and mitochondrial genes involved in oxidative metabolism. This is why we measured the cytochrome c oxidase (COX1) activity, which is an important enzyme marker of the inner mitochondrial membrane centrally involved in oxidative metabolism. Since COX1 specific activity was much more strongly depressed in LRP130-than in LRP130+ cells in which apoptosis was induced by anti-FAS antibodies, our results corroborate the role LRP130 plays in mitochondrial oxidative metabolism (LRP130 was mainly localized in mitochondria and nuclei of both HepG2 and HUH7 cells, results not shown). It is interesting to note that Pet309, a yeast homolog to the human LRP130, is involved in the translation of yeast mitochondrial COX1 gene encoding subunit 1 of cytochrome c oxidase (33) . Since COX1 activity is greatly reduced in LRP130-cells, LRP130 may also be involved in COX1 mRNA translation and/or stability in hepatocarcinoma cells.
In addition, several studies described the involvement of LRP130 in RNA stability and transport, thereby supporting its implication in cell viability (6, 10) . This is also in accordance with another study that describes the up-regulation of the rLRP157rat ortholog of LRP130 during cell growth phases and supports its involvement in maintaining the phenotype via mRNA stabilization and transport (8) . Although a direct role of LRP130 in the apoptotic pathways could not be established, our study attests of the active participation of this protein in the atypical MDR phenotype.
Since a few transcription factor-encoding genes like Runx3 have already been reported as modulators of both several apoptotic-and MDR-related gene expression (34), we cannot exclude that a transcriptional activity of LRP130 could also be responsible for its involvement in apoptosis resistance.
In conclusion, in addition to its previously reported role in cancer chemoresistance by transactivating MDR genes, we showed that LRP130 plays a new role in the MDR phenotype by delaying the entry of hepatocarcinoma cells to apoptosis and preserving mitochondrial oxidative metabolism. Although more work seems necessary to elucidate its precise anti-apoptotic mechanisms, LRP130 appears as an important molecular link between different MDR processes and should be considered as a promising therapeutic target.
